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Of note, erythropoietin is not exclusively produced by fetal liver and adult kidney but is expressed also in the brain, where it can be induced by hypoxia or ischaemia. Several studies underline the potential role of erythropoietin in mediating hypoxic-ischaemic preconditioning in the brain. 1 On the other hand, the heart has never been described as a site for erythropoietin production. However, hypoxia inducible factor 1 (HIF-1), the main transcriptional regulator of erythropoietin, is induced by hypoxia in myocardial cells in vivo and in vitro. 1 HIF-1 has recently been reported to mediate hypoxic preconditioning in the heart. 2 We investigated whether, as in the brain, erythropoietin is produced in mouse ischaemic heart. 3 
MATERIALS AND METHODS
After permanent coronary artery occlusion (CAO), CD1 mice were killed. 4 For immunohistochemistry, the portion of heart below the ligature was formalin fixed, paraffin embedded, cut into 5 mm thick sections, and processed as previously described (antierythropoietin: H-162, 1:100; Santa Cruz Biotechnology, Santa Cruz, California, USA). 5 For RNA preparation, infarcted and non-infarcted areas, distinguishable by their difference in colour, were separated and frozen in liquid nitrogen. Total RNA was extracted, subjected to reverse transcription, and amplified by real time polymerase chain reaction (PCR)with the SYBR Green PCR master mix (Applied Biosystems, Foster City, California, USA), according to standard procedures (primers erythropoietin 59-GAGGCAGAAAATGTCACGATG-39 and 59-CTTCCACCT-CCATTCTTTTCC-39; 18S (internal control) 59-TCAAGAACG-AAAGTCGGAGGTT-39 and 59-GGACATCTAAGGGCATCA-CAG-39). Data were expressed as erythropoietin mRNA units, calculated with the comparative threshold cycle method according to Applied Biosystems' guidelines, with a cDNA from mouse kidney used as a calibrator.
RESULTS
By reverse transcription PCR, erythropoietin was undetectable in heart of control mice (not shown), as reported. 1 The mRNA concentration was very low in only two of seven noninfarcted areas 24 hours after CAO. In contrast, we found erythropoietin mRNA in infarcted areas 24 hours and 48 hours after CAO. At 16 hours only two of five infarcted areas expressed measurable erythropoietin mRNA, which was therefore not significantly different from non-infarcted heart ( fig 1A) . Eythropoietin was undetectable at earlier time points (two, four, and eight hours after CAO, n = 2 each time point) and 72 hours after CAO (n = 3), and at all time points in sham operated animals (n = 2 to 3 at each time point; not shown). Eythropoietin expression was therefore increased in infarcted areas 24 to 48 hours after CAO.
Serial transverse sections prepared from hearts 48 hours after CAO were stained without ( fig 1B) or with (fig 1C) erythropoietin antibody. Strong erythropoietin immunoreactivity was present only in fig 1C, showing the specificity of the signal. Eythropoietin was not detectable 48 hours after sham operation ( fig 1D) or in the septum 48 hours after CAO ( fig 1E) . Low (506; fig 1F) and higher magnifications (4006; fig 1G) show a strong erythropoietin signal 24 hours after CAO in the myocardium nearest to the infarct (fig 1F) , both in cytoplasm and in sarcolemma of viable cardiomyocytes ( fig 1G) . Forty eight hours after CAO in the infarcted region of the left ventricle several infiltrating and circulating mononuclear cells were positive for erythropoietin (10006; fig 1H and fig 1I) . In fig 1H, the endothelial lining of a venula shows strong erythropoietin immunoreactivity.
DISCUSSION
This study shows that erythropoietin is expressed in ischaemic mouse heart 24 and 48 hours after permanent CAO. Our data in the heart parallel the results obtained by Bernaudin et al 3 in the brain, where erythropoietin was induced after focal permanent cerebral ischaemia in mice.
Cardiomyocytes can produce erythropoietin, as they can express HIF-1 in hypoxic conditions. 1 In this regard, we found that the rat cardiomyoblast cell line H9c2 expresses erythropoietin mRNA, and a trend for hypoxia increased erythropoietin mRNA was observed in these cells (not shown). A contribution of infiltrating mononuclear cells and of endothelial cells, as suggested by the immunohistochemistry results, cannot be excluded. Of note, in cerebral ischaemia post-ischaemic erythropoietin immunoreactivity was localised to endothelial cells, microglia, and macrophagelike cells. 3 In conclusion, this is the first study showing that the ischaemic heart can produce erythropoietin. Owing to the cardioprotective effects of erythropoietin, our results suggest the possibility of a local mechanism of erythropoietin mediated protection in the ischaemic heart. 1 Figure 1 (A) Erythropoietin (EPO) mRNA in mouse non-infarcted (NI) and infarcted (I) heart 16 (n = 5), 24 (n = 7), and 48 (n = 6) hours after coronary artery occlusion (CAO). Results are mean (SEM). Undetectable EPO mRNA was assigned the value of the limit of detection of the assay, calculated by assigning the value of 40 to the threshold cycle of erythropoietin amplification and normalising for the threshold cycle of 18S. Undetectable mRNA values ranged between 0.02 and 0.6 units 6 100, depending on the size of the sample (input cDNA). Visit the Heart website for hyperlinks to these articles, by clicking on ''Top 10 papers'' www.heartjnl.com
